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TMT applies “Hybrid” Systems Engineering Approach

Traditional SE MBSE

— Clear, defined deliverables — Understanding behaviors of a
system

— “Rich” capability to represent
complex systems

— Easily accessible
— Shallow learning curve
— Simple traceability




TMT MBSE Approach delivers consistent,
verifiable engineering products

 Define an

* Use the model to
on power consumption, mass, duration,
pointing errors, etc.

* Produce
— Requirement Flow Down Document
— Operational Scenario Document
— Design Description Document
— Interface Control Documents

+ Use
to avoid custom software development



TMT MBSE follows a well defined Modeling Approach

* QObject-Oriented Systems Engineering Method
( ), but with additional activities focusing on
building an executable model

* Use case driven model development

* Challenges:

— JPLis a for a number of subsystems of the
TMT (the )

— Model is used by a number of teams, including TMT

ESEM = OOSEM + Executability



Systems Model is developed according to ESEM
using Cookbook Patterns

Define APS Mission boundaries

Elaborate Conceptual Architecture

Capture Component Behavior and Characteristics
Specify Interactions between Components

Run Analyses
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OpenSE Cookbook addresses Systems Engineering
Concerns

Provides goal oriented guidance using patterns, e.g.
« How-to Verify Requirements
« How-to Roll-up Technical Resources

Driven by Systems Engineering Workflows
Enables combining patterns into more complex recipes

Demonstrates how to build system models with available
tooling - How/where do | start?

Includes known usages in TMT production model as
reference

Commoditizes Executable Systems Engineering



OpenSE Cookbook combines different aspects

Update 2012 “Cookbook for MBSE with SysML”

* Focus on structure and requirements using European
FP7 Active Phasing Experiment (APE) as case study

Include Patterns developed for TMT
* Focus on behavior and analysis workflows
Guided by ESEM methodology

Describe tooling support provided by JPL Systems
Environment

OpenSE model library provides commonly used elements
Instructional examples

Application to actual engineering team, i.e. TMT
Template Models and recommended model organizations



TMT Analysis workflows drive the OpenSE Cookbook

s Analyze Conceptual Design 3

|

[ ablocks

| «E xplanation»
|

|

|

Post-Segment exchange alignment time

PEAS2M1CSOut APS to M1CS interface DTS Duration Explanation Text = "APS shall be able to perform on-axis

PEAS2TCSIn Onaxisalignmentmaximumtimeforpost | (NN @ | = s 00— — —— — 1+ alignment in less than 120 minutes (at a
PEAS2TCSOut Segment Exchange JPL analysisDriver : Analysis Driver single elevation angle) when all optics are
PEAS2ESWin within the post-segment exchange
PEAS2ESWOut -— 0 specifications.”

PEAS2M1CSin R econd = 7200 TMT ID = REQ-2-APS-0016

APS2Userin

APS2UserOut chang 3 jesatist

«constraints
PostSegmentE xchangeTimeConstraint

{p1<=maxTime} ‘ s APS Mission Conceptual

maxTime: R | |APS Operational Blackbox APS Conceptual
p1:Real |

T Final : Real Post Seg Xchg Tme Limit :  Post Segment Exchange : Off Axis Off Axis Map RB Dit : Integer Phasing Dit :
aecond Post Segment Exchange Measurement Points : Integer Integer
Time Constraint Steps : Integer
7200.0 pPass

NFIRAOS
-

Analyze Realization
Design/Specification

Controter hack

Pass/fail

Change request 1

Max duration Post-segment exchange: £200s 5000s
Number of exposures of 45s 4 6

Max peak power consumption in dome: 8.5kw 8-4kw
Number of motors with 50W 10 12

Produce Engineering Documents 5




JPL/CAE Systems Environment provides
integrated Life-Cycle Support

DOORS NG

Analysis Multi-Machine
Orchestrator Analysis
-
ModelCenter Syndeia Artifactory

Cloud Cloud

Analyses Maps Artifacts

™S MMS  Teamwork |45 Cloud
Cloud

EES Indices Models Analyses

Web Services
View Editor

OpenCAE DevOps




JPL develops requirements for Systems
Environment (tooling) through Case Studies

For Example:

* Requirements Management
* Interface Management

* Design Management

« Trade Studies

* Interdisciplinary Integration
* Analysis Pipeline

* Resource Management

* Timeline Management



Using tools from OpenMBEE community

Open Model Based Engineering Environment

OpenMBEE is a community for open-source modeling
software and models

— Open source software
« MMS, ViewEditor, MDK

— Open source models
« TMT, OpenSE Cookbook

JPL is a participant and adopter of OpenMBEE software and
models

Boeing, Lockheed, OMG, NavAir, Ford, Stevens, GaTech,
ESO, TMT, NASA

Vendors participate as well
~200 members, annual INCOSE workshop


http://www.openmbee.org/

Pattern Structure

Every pattern follows the same structure

o Intent

o Motivation

o Concept

« Consequences
o Implementation
o« Known Uses

o Tooling

o Related Patterns
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Requirements Verification

Intent

« Validate requirements, verify as designed system against requirements
and publish analysis results

Cookbook Volume
« System Requirements Management
Educational example
« Autonomous Ferry Transportation
Known Uses
« APS - Post-segment exchange timing requirements
Tooling
« Cameo Systems Modeler and Simulation Toolkit, View Editor
Notes

* Property Based Requirements links Requirements Management and
System Design



Formalizing Requirements with Property Based
requirements

bdd [Package] Domain[ APS Operational Blackbox ]/l

«TMT Regquirement»
Post-Segment exchange alignment time

| «block» | «Specifies» | Text = TREQ-2-APS-0016] APS sh
APS Black Box Specification TMT = — — — — |perform on-axis alignment in less than 120 minutes
koot -

(at a single elevation angle) when a

the post-segment exchange specifications. "
TMT ID = "REQ-2-APS-0016"
‘ "

[«reﬁne»

l
ablock» | ' ablock»

APS Operational Blackbox On-axis alignment maximum time for Post
Specification JPL o y Segment Exchange JPL

~

T postSegXchgTimeLimit: second |= 7200

Mathematical | |
re-formulation e

o | of requirement
«block» «block»

«oosem:physical» APS Conceptual i
APS Realization maxTime : Real
' p1: Real

{p1<=maxTime}

I




Veritying Timing Requirements by Simulation

_— e postSegXchgT . ) postSegmentE
«TMT Regquirement» :secon el Bea :MaxTimeCo

Post-Segment exchange alignment time

|| Text = TREQ-2-APS-0016] APS shall be-z
|| perform on-axis alignment in less than >
|| (at a single elevation angle) : i RUAl T AFD VISSION LONGEPTUAN

|| the post-segment exchange specifications. " E ] I 1 I
(i gl b fackbox : APS Canceptual ] Constraint is either

: | violated or not

peas : Procedure Executive and Analysis Software

tFinal : Real

on-axis alignment maximum time for Post Segment Exchange JPL.postSegXchgTimeLimit : second

«equal»

maxTime : Real p1: Real

«constraint»
on-axis alignment maximum time for Post Segment Exchange JPL.postSegmentExchange : MaxTimeConstraint
{p1<=maxTime}




Monte Carlo Driven Analysis

Intent

« Estimate the characteristics and probability of a particular behavior using
modeling anchored through data.

Cookbook Volume
« System Analysis Management
Educational example
* Quadrupedal Robot
Known Uses
« AO - Acquire a target with IRIS and NFIRAOS
Tooling
« Cameo Systems Modeler and Simulation Toolkit, View Editor
Notes

« SysML probability concepts and distributed properties capture operational
knowledge in system model



Behavior with Probabillities

tMT Observatory System Black Box Specification : TMT Observatory System Conceptual

Start Acquisition
{0.1s..0.1s}

[Acquire Telescope Pointing] [Align BTO]
{probabilify = “ProbsbilityAcaTelPoint ] {probability = “ProbabilityBTOOF}

: Acquire Telescope Pointing EERBI0IOE Conceptual
[A1] Conceptual

' h | [A2]
N :
[Acquire Telescope Peinting]

\ [Confirm Laser Propagation]
¥ {orobability = "ProbabilityChiLas
4 WV -
. "IT . 2 spe . : Check Laser Propagation
{orobsbility = "ProbabilityAcg TelPoint™}
W

Permission Conceptual
v o 1A3]
. A 1 T l P H H [Acquire and Lock LGS]
* CqU|re e escope OIntlng ™" {probability = “ProbabilityAcaL kLGS }
[A1] Conceptual : Acquire and Lock LGS

Conceptual A4
.| 1A4]

[Acquire PWFS Tier 0 or Tier1 and HO Truth]

Torob

{probability = "ProbabilityAcgPwisFirst}
: Acquire and Lock PWFS
Conceptual

th

[Acquire Tier 1 TTF OIWFS]
{probability = "ProbsbilityAcq TTFOIWFS'}
: Acquire and Lock TTF OIWFS
Conceptual

[A6]

[Acquire PWFS HO Truth Only] [Acquire Tier 2 TT OIWFS/ODGW]
( 3 J N

= T {orobability = “ProbabilityAcq TTOI
: Acquire and Lock PWFS : Acquire and Lock TT
Conceptual 2 OIWFS/ODGW Conceptual

| [A8]

[Acquire Tier3 or Tier3F Truth ODGW/OQIWFS]

{probability = sbilityAcq Truth OIWFS}

TMT Observatory System :

Conceptual -

[A9]




«block»
«oosem:conceptual
tMT Observatory System Black Box Specification : TMT Observatory System Conceptual

{TotalAcqTimeApqTelPoint = 1.0}

{t =1 second)

{TotalacqTimeAcqTelPoint = 17.0}

8 seconds}

{TotalAcqTimeBTOOP = 18.0}

{t= 18 seconds}

{TotalAcqTimeBTOOP = 12.0}
{t = 30 seconds}

{TotalAcqTimeAcgLckLG:

{TotalAcqTimeAcqLckLGS = 41.0}
{t=1 mihute 15 seconds}

{TotalAcqTimeAcqPw fsFirst = 75.0}
{t =1 minute 15 seconds}

{TotalAcqTimeAcaPwfsFirst = 24.0}

{t =1 minute 39 seconds}

TimeAcqTTFOM/FS = 99.0}
{t = 1 minute 39 seconds}

{TotalAcqTimeAcqTTFOMFS = 17.0

it =1 inute 56 seconds}

{TotalAcqTimeAcqTTOMFSODGW = 116

{t= 1 minute 56 seconds}

{TotalAcqTimeAcqTTOMFSODGW = 23.0}

{t = 2 minutes 19 seconds}

{TotalAcqTimeAcqPyv fsSecond = 139

{t = 2 minutes 19 seconds}

{TotalAcqTimeAcqPw fsSecond = 27.0}
{t = 2 finutes 46 seconds}

{TotalAcqTimeTruthODGWOIMFS 3
@

2 minutes 46 seconds}

166.0}

{TotalAcquisitionTime = 197.0}
{t

=]

self

«blocks
tMT Observatory System Black Box Specification.e SW-ACQ : ESW-ACQ
{TotalAcquisitionTime = 0.0}

{t =7 seconds}

{is1}
it =11 deconds}

3 minutes 17 seconds}

Resulting Trace




Error Budget Management

Intent

« Manage error budgets of technical resources such as wave front
error

Cookbook Volume
« System Resource Management
Educational example
« Microscope
Known Uses
* APS - Alignment error of the M3 to APS interface

Tooling

« Cameo Systems Modeler and Simulation Toolkit, View Editor



APS - Alignment error of the M3 to APS interface

bdd [ Error Requirements I

«block» ':<Ot:jectPrcperties»
APS Operational Blackbox «TMT Requirementx»

Specification JPL Telescope Pupil Alignment

—vText = TREQ-2-APS-0086] APS shall measure the

position the telescope pupil to an accuracy of 0.03% the
diameter of the pupil. ”

TMT ID = 'REQ-2-APS-0086"

«Specifies»

7
I
I
I

«refines

«block»
Telescope Pupil Alignment Requirement

telescope Pupil Alignment Requirement e S = -
» constr : Pupil Alignment CBE vs uired Value Comparison
conversion : Convert Meters to Percent

requiredAccuracyinPercent : Real = 0.03

-

Context




bdd [ M3 Tip/Tit Error Budget

«block»
«rootSumSquaredRollUp»
Alignment of M3 to APS-TMT interface
point

errorMargin : Real
errorCBE : Real =
errorReq : Real

«block»
«rootSumSquaredRollUp»

Knowledge of APT-TMT interface point

errorReq : Re: S0
errorCBE : Real = (
errorMargin : Real

Specify RSS Tree

‘ ectProperties»
«TMT Regquirement»
Telescope Pupil Alignment
Tid="86"
Text = TREQ-2-APS-0086] APS shall measure the position the
|telescope pupil to an accuracy of 0.03% the diameter of the pupil. *

«blocks» ‘ ' «block»
«rootSumSquaredRollUp» «rootSumSquaredRollUp»
Alignment of APS Stimulus to Referenence K-Mirror Offset
Point

errorReq : Real
errorReq : Real = errorCBE : Real =
errorCBE : Rea errorMargin : Real
errorMargin : R

Application of pattern



Conclusions and Summary

OpenSE Cookbook addresses SE concerns,
activities, and processes

Built on proven patterns from TMT and APE
Supported by tooling

Open for contributions and collaboration through
INCOSE Telescope Challenge team

Accessible at

https://mms.openmbee.org



https://mms.openmbee.org/
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OpenSE Cookbook promotes re-use

o OpenSE Cookbook contributes to JPL institutional and
project specific Cookbooks

e Project-specific modeling patterns for common modeling
tasks

'OpenSE Cookbook |

'CAE SE Cookbook| |JPLSE Cookbook

|Europa Cookbook| |MSR Cookbook| |[M2020 Cookbook |




OpenSE Cookbook and Template Model

Containment A8 Diagrams
Containment

Q

02__system of interest_
_system of interest_ Domain
H#-. Relations
[ Project
B[] 01_Management
[ 02_Viewpoints
[ 03_Views
[] 04_Work Packages
_<template WP>
[ 01_Systems Development WP tem
&7 01_Components
5 Operational
B+ Relations
£ Domain
&7 Relations
[ Data Model
[7] MetaData
i-[7] Stakeholders
[] Structure
& _system of interest_
£ _system of interest_

Zoom] [2 Documentation
Zoom

£F Logged in as sherzig [twc.openmbee.org:80:

Template models to be used
a starting point, with recommended
organization, model libraries, etc.

MagicDraw 18.5 - OpenSE Library.mdzip [/Users/sherzig/Downloads/JPLSECookbook/]

[ Create Diagram

[] Common
=3 Note
5 Comment
=p Problem

® Rationale
& Element Gr.

Constraint v

5o Block Definiti...

[ Package

Constraint...

< Internal Block...
= Requirements...

[’] Requirement
[E Extende... ~
L2 Satisfy

.5 Derive

L& Copy

2 Trare

[g Information Fl...

Use Case Dia...
[ Profiling Mec...

a

X

X APS Maintenance Al.

«block»

_system of interest_ Operational Domain

T

«block» «block»
JPL Rules Stakeholder

«block»

_system of interest_
Software Developer

«block»
User

by projects as

¥

(block»
_system of interest_ Mission

i

«bloc
_system of interest_ System of Interest
A

\%

«blocky «blocky
_system of interest_ Concept ystem of interest_ Real

MBSE Initiative — SE2 Challe

COOKBOOK FOR MBSE WITH SYSML

206471

“Cookbook” for modeling
methodology & patterns

‘Cookbook for MBSE with SysML.

ZEUS is one of the evaluated phasing sensors (Figure 5) and is based on the modified
Zehnder interferometer phasing sensor. It is mounted on a breadboard and cons
lor filter wheel, a neutral density filter wheel, and
1 be moved to the

8 different neutral density

rent optical filters



OpenSE Cookbook is used as reference

OpenSE cookbook and TMT model used as reference
model for the OMG SysML 2 standard

o Demonstrate how SysML 2 will improve, simplify, change model
wrt SysML 1.x

Training material and knowledge transfer
Promote standards and conventions
Used by vendors as reference to test and evolve products



Define APS Mission
boundaries

0 p-é’ré,tor

TMT specification ™=
handed to JPL / {
I <ol | -

\ ‘ APS Mig
Yeblocks

APS Black Box Specification TMT

Al

||

«block»
APS Operational Blackbox

Spoclﬂciitlon JPL

JPL realization
of APS

| Other TMT
Subsystems

{ components

Modeled high-level
behavior of interfacing

APS Black
Box

between APS
and other
subsystems




Elaborate Conceptual Architecture

APS conceptual is C SH
. | | Camera
broken down into

several components

Procedure
Executive
Analysis
Software
(PEAS)

= =4 Behavior of all interacting
components modeled




Capture Component Behavior and Characteristics

Post-Segment Exchange Alignment

("act [Activity] Find and identify[ Find and identify ) J

, Coarse Tilt Alignment

initTimer.
.— do / Coarse Tilt Alignment

only acquire new star, don't guide. no
PIT tracking

r

guide on curré
tracking
Correcting Rigid Body and Segment

Figure Iteration 1 Finished / di

do / Rigid Body and Segment Figure cormrection

Narrow Band Phasing

do / NarrowBand Phasing -~ — —

Operational
behavior

captured with state
machines and
activity models

Finished / diffTime

Broad B;
* do / Broad
1 _ |

("act [Activity] Coarse

«valueSpeciﬂc;‘I
SH-0
«valueType»

‘ desiredSHN | Shimage : SH_Image

desiredSHE

MT's excel table

X

shimage

| Author: bseo | Version:

Modification Date: 4/25/16
2:07 PM

Completion Status:

|Reviewed by: |

|Lasl Modifed by: sherzig |
\

\

Execute Find

and Identity centroidMap

«valueType»

Algorithm
{10s..10s}

: CentroidMap

TBD: Get SH Image |
back; output SH Image;
Infout for F&l; Calc offset
based on map & ref
AN
«valueSpecification»
NPH-1/BB-30

result
1.
«readStructuralFeature» : Find and id@ntify

PhasingDit

’|object

result

th

‘;’@

: Throw Telescope
Alignment
Exception

th

T~
|

|
: Move to

Previous M1CS
Configuration

th th
0
|
[i >= maxSearchCircles] |

1
: Adjust Position
According to Spiral
Search Pattern

: Display Results to AP:
Operator

|
: Ask OP to Send
Segment PTT

\decﬁsson

J

PTT |
| [true]
I

: Send Segment PTT




Specify Interactions Between Components

Active

Gat SH CCD Temperture_Quer)BEt”m CCD Temperature
(;C_SH_Cmd_CompIetea1d° { SendAck_CCD_temperature

Select SH_PupilM ask_med Change Pupil Mask

entry / processMask
€C_SH_Cmd_Completeddy, /'send_aAck_Select_PM

(‘act [Activity] Take SH Exposurg] Take SH Exposure]]

|
«valueType» .
) |
SH_Take_exposure_C[nd Take Exposure
: / processExposure

dit : Integer
> OC _SH Cmd Comnl
S do / SendAck_Takg_E xposure

t )
SH_Take_exposure_Cmd _Take_expo:

“L1 On Port = o PEAS2SHOUt == \
| |
act [Activity] SendAck_Take_E xposure[ SendAc‘«'_ﬁke_Exposure]/]
\ 4

| |
SH Take Exposure
{ditSetup s..ditSetup s}

sure_Ack

|
|
v
®
) W
g Read Out Detector
{10s..10s}

SH_Take_exposure_Ack

MSaRort = 1 CC_SH2PEASOut

Use of signals sent over ports to

CC_SH_Cmd_Completed3

simulate a message passing
mechanism between components Also across subsystems!
(e.g., APS to M1CS)




Run Analyses

* Run a configured analysis with a simulation engine on the
initial conditions to get the final conditions

* Produce the analyses declaratively, repeatably (in any
system), without a single line of project-specific code ->
reducing time and resources

« Produce the following views on final conditions

— Table showing final analysis values (e.g. peak power) and the
constraint’s pass/fail status for each scenario

— Timelines: state changes for components over time_

i Name Classifier T Final : Real
Phi

1 [ calibrations Duration ¢ 2 Calibrations Duration S
= calibrations Duration ¢ ] APS Conceptual

= calibrations Duration ¢ E Procedure Executive ar



System Context

bdd Pattern[ | 2 Requirements Verification Structure ]
P

«block»
Enterprise

external System |0..* system Specification |,
ablocks | | ablocks ' ablocks
External System System Specification Context
Owned Diagram = £/ System Specification Owned Diagram

~

requirement | 0..*
«blocks «block» «blocks «blocks
Conceptual Node Design Physical Design Conceptual Design Requirement

Owned Diagram ons .
constraint : Constraint

valueProperty : Real [

ccnceptualCcmpcnentIL* L

«block»
Conceptual Component

Conceptual Component State Machine




Analysis Context

bdd [Package] [ & Analysis Context ]

«block»
Analysis Context

, Context
«block»
Context

system Specification : Conceptual Node Design
: System Specification
: External System




Context Educational Example

bdd [Package] Structure[ | & Structural Decomposition ] |

system Specification |,
«block»
System Specification

«blocks
Autonomous Ferry Transportation Enterprise

|

«block»
Conceptual Node Design

«blocks
Conceptual Design

sateliteComm2ConceptualNodeOut : Communication Interface
«block»
data Requirement] Data Requirement «Proxy»
«Proxy» = ? = -
o system Constraint : Data Transmission Constraint Relay
~ Communication Interface
totalData : storage size[byte]
maxTransmissionTime : time[.
«blocks
Physical Design
«block»

Communication Context

conceptualDesign : Conceptual Node Design

remoteNavigationControl

«block»
Remote Navigation Control

autonomousFerry

«blocks

Autonomous Ferry

satelite |,

«blocks
Satellite




Behavior Ship

stm [State Machine] Autonomous Ship Modes [ Autenomous Ship Modes J

Remote Nav Ping [ALH.inState("Not Recharging™) && data =0]
s :‘v
slow Transmittin
Ready for Battery Low g

.—“— Transmission i do / Transmit Data
] Remote Nav Ping /

x Transmission.done ’
\

7

when (battery < 80)

Not Recharging Recharging

. g do / Recharge Batteries

Battery Fully Charged




Veritying Timing Requirements by Simulation

bdd [Package] Automatic Duration Analysis[ Duration Analysis - Post Segment Exchange ]J

par [Block] Post-Segment Exchange Duration Scenario[ Post-Segment Exchange Duration Scenario Analysis ],_|

|’Explanation Definition

*aPS Mission Conceptual : APS Mission Conceptual

«block» APS Operational Blackbox : APS Conceptual [1]

Duration Analysis Context - -
peas : Procedure Executive and Analysis Software

analysisDriver : Analysis Driver tFinal : Real

on-axis alignment maximum time for Post Segment Exchange JPL.postSegXchgTimeLimit : second

«equaly

maxTime : Real p1: Real

«constraint»
on-axis alignment maximum time for Post Segment Exchange JPL.postSegmentExchange : MaxTimeConstraint
{p1<=maxTime}

~

«block»

Post-Segment Exchange Duration Scenario

Post Sogment Exchange Duraton Scararia Analysis context aggregates conceptual
model, binds formalized requirement,
and triggers verification use case




Veritying Timing Requirements by Simulation

bdd [Package] Automatic Duration Analysis[ Duration Analysis - Post Segment Exchange ]/]

|'Ex;Ian;tion_De_ﬁniti;n a
«block»
Duration Analysis Context

analysisDriver : Analysis Driver

«analyses»

«analyses»

75

«block»

Post-Segment Exchange Duration Scenario

Post-Segment Exchange Duration Scenarios

Apg

|/ — |

«block»
ADS Miccinn

sd [Test Case] Post-Segment Exchange Duration Scenario[ Post-Segment Exchange Duration Scenario ]j

«block» «block»
analysisDriver : Analysis Driver aPS Mission Conceptual . APS Operational
Blackbox.peas : Procedure Executive and
Analysis Software

Use case initiated
with same message
passing mechanism

{60s)

2: Post-Segment Exchange Alignment

{7201s..7201s}




Veritying Timing Requirements by Simulation

(act [Activity] Coarse Tilt Alignmeht[ Coafse Tilt fAIignmentD :

«valueSpecification» : «valueSpecification»

: true : : false
«valueSpecification» ARG Co

SH-0

SR R , .J/’ic)Star’tPITTraCk ‘
| . . . " : . . :
LdesnredSHMask : Setup APS, Acquire and Start Guiding

TBD: Get SH Image
back; output SH Image;
In/out for F&l; Calc offset
based on map & ref

v : Throw Telescope
«valueSpecification» | : : : Alignment

: : : : : Exception
NPH-1/BB-30 _ v v . s

th




Simulation Configuration with Cameo

package Simulation [ @} Simulation jl

/

«SimulationConfig»
Req Verification Analysis

Ul =58

addControlPanel = false
animationSpeed = 75

autoStart = true
autostartActiveObjects = true
cloneReferences = false
constraintFailureAsBreakpoint = false
durationSimulationM ode = max
executionTarget = =l Analysis Context
fireValueChangeEvent = true
initializeReferences = false
resultLocation = [JAnalysis
runForksinParallel = true

silent = true
solveAfterinitialization = true
stariTime =0

startWebServer = false
stepDelay = 0.0

stepSize = 0.5

timeUnit = second
timeVariableName = "simtime”
treatAliCIassifiersAsActive = true

«TimeSeriesChart»
Data Buffer

represents = [=JAutonomous Ferry
value = [(Vdata

fixedRange = false
fixedTimeLocation=0
gridxX = true

gridY = true

maxValue = "0.0"
minValue ="0.0"
plotColor = "#BC334E"

refreshRate = 0

«TimeSeriesChart»
Battery Level

represents = =JAutonomous Ferry
value = [(Mbattery

fixedRange = false
fixedTimeLocation=0
gridX = true

gridY = true

maxValue = "0.0"
minValue ="0.0"
plotColor = "#BC334E"

refreshRate = 0

«TimelineCharts |
Autonomous Ferry

represents = ElAutonomous Ferry
value = [(FlautonomousFerry

contextPlot = false
fixedTimelLength =0
timelineM ode = state

fixedRange = false
fixedTimelLocation = 0
gridx = true

gridY = true
maxValue ="0.0"
minV alue ="0.0"

plotColor = "#BC334E"




Executing a scenario

ibd [Block] Communication Context[ Communication Gontext ]

Asatellite : Satellite roxy» system Specification : Conceptual Node Design
“proxyn autonomous ShipComm2ChargingBase ::Communication Interface

- £Droxy» « »
p1: Communication Interface proxy.
autonomous Ship Comm2ConceptualN munication Interface, autonomousShip : Autonomous Ferry

: connector Communication Interface

«proxy»

“proxy éeptualNode . Communication Interface .femoteNavigationControl : Remote Navigation Control

p2 : Communication Interface

p2 : Communication Interface
LPIOXyn rNGComm2ChargingBase ; Communication Interface




Simulation Run

|o—O & [B Trigger: Animation speed:

Sessions X

—E] Analysis Context [Analysis Context@3e30001d] (Paused)
[ Operational Scenario
% " Autonomous Ship Modes
Remote Navigation Control
—= Transmit Data
L41 Transmit Data
—= Receive Data
L_41 Receive Data

24 Variables X | o Breakpoints X
L
Name
EJ Analysis Context
[# mission : Communication Context
[® satellite : Satellite
[® : connector
system Specification : Conceptual Node Design
autonomousFerry : Autonomous Ferry
battery : Real
data : storage size[byte]
10 : time[second]
tfinal : Real
transmissioninProgress : Boolean
[# data Requirement : Data Requirement
¥ maxTransmissionTime : time[second]
totalData : storage size[byte]
system Constraint : Data Transmission Constraint
— designTime : time[second]
— maxTime : time[second]
[® remoteNavigationControl : Remote Navigation Control

Value
Analysis Context@3e30001d
Communication Context@7f94c337

Conceptual Node Design@70c22cdc
Autonomous Ferry@15f813a8
100.0000
1.0240E5
23.7920
0.0000
true
Data Requirement@56fe571e
300.0000
1.0240E5
Data Transmission Constraint@375b3cl11

300.0000
Remote Navigation Control@1b98291b




Analysis by Simulation

Analysis Context

mission

conceptualDesign

autonomousFerry

48.0000

750 1,000
time(s)

data

1,000,000 e e e cinsras
750,000
500,000
250,000

0
250 500 750 1,000
time(s)

Recharging
Not Recharging

e r
autonomousFerry Transmitting

Ready for Transmission + .

Remote Nav Ping

1,000
time(s)




Single Element Analysis Context

bdd [ & Monte Carlo Simulation Components ]

Py

7’

«blocks»
Single Element Analysis Context

analysisProperty : Real [1..7]

system (1..*
«blockx»
System
Owned Behavior = 7 4System Activity

compeonent : Subsystem [0..%]

endTime : Real [1..7]
actionProb : Real= 0.5

«SimulationConfig»
Monte Carlo Analysis

addControlPanel = false
animationSpeed = 85

autoStart = true
autostartActiveObjects = true
cloneReferences = false
constraintFailureAsBreakpoint = false
executionTarget = 3 Single Element Analysis Context
fireValueChangeEvent = true
initializeReferences = false
runForksinParallel = true

silent = false

solveAfterinitialization = true
start\WebServer = false
timeVariableName = "simtime”

treatAllCIassifiersAsActive = true




Behavior with Probablity

(‘act [[*5| System A

Action 1

=" om
Ly

{pfobability =
.l:{proos.dlity' ="8"
Action 2

{probability = "1-actionProb"}
Jr T

]
v

~=— —_— — — —

- W - ) Action
endTime=simtime




Example Quadrupedal Robot

bdd [ |2 System Hierarchy ]

«blocks»
Multi Element Analysis Context

: CalculateAvg

: GetSize

averageTime : time[second]

single Element Analysis Co nteI-t

«blocks»
Single Element Analysis Context

rctctI

«block»
Quadrupedal Robot

n

endTime : time[second] = 0.0

sensory Subsystem |
«block»
Sensory Subsystem

system Specification |,
«block»
System Specification

timing Requirement |,
«block»
Timing Requirement

f.u

maxAverageTime : time[second] = 1

«requirement»
Performance Test
Requirement
id=""
Text = "The robot shall
perform physical actions for
3 maximum of 17 seconds”

«satisfy» -~

«constraints
Timing Constraint

timing Constraint | {maxTime<=designTime}
_——

maxTime
designTime




Behavior with probability

(‘act [Activity] [ Move Robot ]J
«allocate»
Sensory Subsystem

|/

! {probability = ".7"} ' X T T T T _|
:Turn on | Malfunction |
sensory ] {8s..8s} |
system - ~

{4s.4s} ) |
|
Run l
R O S {5s. 58} | |
| {probability ="0.8"} | |
| | | |
| o v ' |
T {probability = "4} | {probability ="0.27y |
! | |
Gallop ) \/
{6s..6s} . ) -{drob.’Tab‘lﬁty_: "4y T T T T T
| | v
\/ | Jump over
P T TR T object
| {2s..28}
endTime = 1, v
simtime; E - . ¥ i |
print ) x
(endTime); |
57 | |
n:!) | |




Individual Results

[ V] endTime : time[second]

robot at 2017.07.20 17.38
robot at 2017.07.20 17.3¢&
robot at 2017.07.20 17.3€
robot at 2017.07.20 17.3¢&

robot at 2017.07.20 17.38




Analysis Context

par [Block] [ 3% Multi Element Analysis Context ]
>

«constraints
: GetSize
{out=v.size()}

«equaly

v [yI

single Element Analysis Context : Single Element Analysis Conjtext

robot : Quadrupedal Robot

«constraint» weqydl»

: CalculateAvg —Isample [1..7] «equaly
{avg = sum(sample)s}

endTime : time[second]

system Specification : System Specification
«xequaly

timing Requirement : Timing Requirement
«constraints

timing Constraint : Timing Constraint
maxTime {maxTime<=designTime}

averageTime : time[second] <equalb
«egualp

designTime
«equaly

maxAverageTime : time[second]




Analysis Result

system Specification.timing Reguirement.timing Constraint : robot.endTime :
Timing Constraint time[second]

=] single Element Analysis Context at 2017.07.28 11.32



Cameo Simulation Toolkit

("act [ MonteCarlo l

|
\

numLoops =10
1

|

[
|
\
>

(@
\

| [else]
|

\/
«valueSpecification»
MonteCarloRun

result

jnObject

Execute Simulation

package [ @ System Timing Configuration ]
/

«SimulationConfigs
Timing Analysis Model Based

autoStart = true
autostartActiveObjects = true
cloneReferences = false
constraintFailureAsBreakpoint = false
durationSimulationM ode = max
executionTarget = =lSystem
fireValueChangeEvent = true
initializeReferences = false
resultLocation = [JResults
runForksinParallel = true

«SimulationConfigs
Timing Analysis PC

autoStart = true
autostartActiveObjects = true
constraintFailureAsBreakpoint = false
executionTarget = =l System
fireValueChangeEvent = true
resultLocation = [JResults

silent = true

timeUnit = second

silent = false
startTime =0

~ Name

startWebSen
stepDelay = (
stepSize = 1.
timeUnit = se
timeVariablel
treatAllClassi

0000 oo oo

system at 2017.07.18 18.19
system at 2017.07.18 18.19
system at 2017.07.18 18.20
system at 2017.07.18 18.20
system at 2017.07.18 18.21
system at 2017.07.20 14.18
system at 2017.07.20 14.18
system at 2017.07.20 14.18




Error Roll-up Pattern

bdd [Package] [ | & Error Roll-up Pattern ]
/

«block»
ErrorRollUpPatternElement

—

errorMargin : Real

errorReq : Real /subError
errorCBE : Real 0.*

'—‘—' {union}

marginPercentageCalc |

«constraint»
MarginPercentage

{margin = round(100 * (alloccated - cbe) / allocated)}

allocated : Real
cbe : Real
margin : Real

errorCBECalcSum |, errorReqCalcSum |

«block»
ProductRollUp

«block»
RootSumSquaredRollUp

«block»
SumRoliUp

errorCBECalcProd |

«constraint»
Product

errorReqCalc | errorCBECalc | errorRegCalcProd |

«constraint»
RootSumSquared

«constraint»
Sum

{outValue = 1,

for (i= 0; i < inValues.length; i++)
outValue *= inValues][i;

if (inValues.length == 0)
outValue = 0}

{vars =0;

for (i = 0; i < inputVals.length; i++)
s += inputVals[i] * inputVals][i];

output = Math.sqrt(s)}

{outValue = sum(inValues)}

inValues : Real [Cr..’j'
outValue : Real

output : Real ' srameters
inputVals : Real [1..%] inValues : Real [0..%]

outValue : Real




RSS Parametric Model

par [Block] RootSumSquaredRellUp [ ErrorCBECalc

«constraint»
errorCBECalc : RootSumSquared
Al . weguals {vars =0;
R ckeal ) == for (i = 0; i < inputVals.length; i++)
s += inputVals[i] * inputVals[i];

output = Math.sq rtxﬁsj:'}

*lsubError : ErrorRollUpPatternElement [0..7]

. e -
/errorCBE : Real inputVals [1.."]

«equaly




APS - Alignment error of the M3 to APS interface

bdd [ Error Requirements I

«block» ':<Ot:jectPrcperties»
APS Operational Blackbox «TMT Requirementx»

Specification JPL Telescope Pupil Alignment

—vText = TREQ-2-APS-0086] APS shall measure the

position the telescope pupil to an accuracy of 0.03% the
diameter of the pupil. ”

TMT ID = 'REQ-2-APS-0086"

«Specifies»

7
I
I
I

«refines

«block»
Telescope Pupil Alignment Requirement

telescope Pupil Alignment Requirement e S = -
» constr : Pupil Alignment CBE vs uired Value Comparison
conversion : Convert Meters to Percent

requiredAccuracyinPercent : Real = 0.03

-

Context




bdd [ M3 Tip/Tit Error Budget

«block»
«rootSumSquaredRollUp»
Alignment of M3 to APS-TMT interface
point

errorMargin : Real
errorCBE : Real =
errorReq : Real

«block»
«rootSumSquaredRollUp»

Knowledge of APT-TMT interface point

errorReq : Re: S0
errorCBE : Real = (
errorMargin : Real

Specify RSS Tree

‘ ectProperties»
«TMT Regquirement»
Telescope Pupil Alignment
Tid="86"
Text = TREQ-2-APS-0086] APS shall measure the position the
|telescope pupil to an accuracy of 0.03% the diameter of the pupil. *

«blocks» ‘ ' «block»
«rootSumSquaredRollUp» «rootSumSquaredRollUp»
Alignment of APS Stimulus to Referenence K-Mirror Offset
Point

errorReq : Real
errorReq : Real = errorCBE : Real =
errorCBE : Rea errorMargin : Real
errorMargin : R

Application of pattern



OpenSE Cookbook promotes re-use

o OpenSE Cookbook contributes to JPL institutional and
project specific Cookbooks

e Project-specific modeling patterns for common modeling
tasks

'OpenSE Cookbook |

'CAE SE Cookbook| |JPLSE Cookbook

|Europa Cookbook| |MSR Cookbook| |[M2020 Cookbook |




OpenSE Cookbook and Template Model

Containment A8 Diagrams
Containment

Q

02__system of interest_
_system of interest_ Domain
H#-. Relations
[ Project
B[] 01_Management
[ 02_Viewpoints
[ 03_Views
[] 04_Work Packages
_<template WP>
[ 01_Systems Development WP tem
&7 01_Components
5 Operational
B+ Relations
£ Domain
&7 Relations
[ Data Model
[7] MetaData
i-[7] Stakeholders
[] Structure
& _system of interest_
£ _system of interest_

Zoom] [2 Documentation
Zoom

£F Logged in as sherzig [twc.openmbee.org:80:

Template models to be used
a starting point, with recommended
organization, model libraries, etc.

MagicDraw 18.5 - OpenSE Library.mdzip [/Users/sherzig/Downloads/JPLSECookbook/]

[ Create Diagram

[] Common
=3 Note
5 Comment
=p Problem

® Rationale
& Element Gr.

Constraint v

5o Block Definiti...

[ Package

Constraint...

< Internal Block...
= Requirements...

[’] Requirement
[E Extende... ~
L2 Satisfy

.5 Derive

L& Copy

2 Trare

[g Information Fl...

Use Case Dia...
[ Profiling Mec...

a

X

X APS Maintenance Al.

«block»

_system of interest_ Operational Domain

T

«block» «block»
JPL Rules Stakeholder

«block»

_system of interest_
Software Developer

«block»
User

by projects as

¥

(block»
_system of interest_ Mission

i

«bloc
_system of interest_ System of Interest
A

\%

«blocky «blocky
_system of interest_ Concept ystem of interest_ Real

MBSE Initiative — SE2 Challe

COOKBOOK FOR MBSE WITH SYSML

206471

“Cookbook” for modeling
methodology & patterns

‘Cookbook for MBSE with SysML.

ZEUS is one of the evaluated phasing sensors (Figure 5) and is based on the modified
Zehnder interferometer phasing sensor. It is mounted on a breadboard and cons
lor filter wheel, a neutral density filter wheel, and
1 be moved to the

8 different neutral density

rent optical filters



OpenSE Cookbook is used as reference

OpenSE cookbook and TMT model used as reference
model for the OMG SysML 2 standard

o Demonstrate how SysML 2 will improve, simplify, change model
wrt SysML 1.x

Training material and knowledge transfer
Promote standards and conventions
Used by vendors as reference to test and evolve products



Define APS Mission
boundaries

0 p-é’ré,tor

TMT specification ™=
handed to JPL / {
I <ol | -

\ ‘ APS Mig
Yeblocks

APS Black Box Specification TMT

Al

||

«block»
APS Operational Blackbox

Spoclﬂciitlon JPL

JPL realization
of APS

| Other TMT
Subsystems

{ components

Modeled high-level
behavior of interfacing

APS Black
Box

between APS
and other
subsystems




Elaborate Conceptual Architecture

APS conceptual is C SH
. | | Camera
broken down into

several components

Procedure
Executive
Analysis
Software
(PEAS)

= =4 Behavior of all interacting
components modeled




Capture Component Behavior and Characteristics

Post-Segment Exchange Alignment

("act [Activity] Find and identify[ Find and identify ) J

, Coarse Tilt Alignment

initTimer.
.— do / Coarse Tilt Alignment

only acquire new star, don't guide. no
PIT tracking

r

guide on curré
tracking
Correcting Rigid Body and Segment

Figure Iteration 1 Finished / di

do / Rigid Body and Segment Figure cormrection

Narrow Band Phasing

do / NarrowBand Phasing -~ — —

Operational
behavior

captured with state
machines and
activity models

Finished / diffTime

Broad B;
* do / Broad
1 _ |

("act [Activity] Coarse

«valueSpeciﬂc;‘I
SH-0
«valueType»

‘ desiredSHN | Shimage : SH_Image

desiredSHE

MT's excel table

X

shimage

| Author: bseo | Version:

Modification Date: 4/25/16
2:07 PM

Completion Status:

|Reviewed by: |

|Lasl Modifed by: sherzig |
\

\

Execute Find

and Identity centroidMap

«valueType»

Algorithm
{10s..10s}

: CentroidMap

TBD: Get SH Image |
back; output SH Image;
Infout for F&l; Calc offset
based on map & ref
AN
«valueSpecification»
NPH-1/BB-30

result
1.
«readStructuralFeature» : Find and id@ntify

PhasingDit

’|object

result

th

‘;’@

: Throw Telescope
Alignment
Exception

th

T~
|

|
: Move to

Previous M1CS
Configuration

th th
0
|
[i >= maxSearchCircles] |

1
: Adjust Position
According to Spiral
Search Pattern

: Display Results to AP:
Operator

|
: Ask OP to Send
Segment PTT

\decﬁsson

J

PTT |
| [true]
I

: Send Segment PTT




Specify Interactions Between Components

Active

Gat SH CCD Temperture_Quer)BEt”m CCD Temperature
(;C_SH_Cmd_CompIetea1d° { SendAck_CCD_temperature

Select SH_PupilM ask_med Change Pupil Mask

entry / processMask
€C_SH_Cmd_Completeddy, /'send_aAck_Select_PM

(‘act [Activity] Take SH Exposurg] Take SH Exposure]]

|
«valueType» .
) |
SH_Take_exposure_C[nd Take Exposure
: / processExposure

dit : Integer
> OC _SH Cmd Comnl
S do / SendAck_Takg_E xposure

t )
SH_Take_exposure_Cmd _Take_expo:

“L1 On Port = o PEAS2SHOUt == \
| |
act [Activity] SendAck_Take_E xposure[ SendAc‘«'_ﬁke_Exposure]/]
\ 4

| |
SH Take Exposure
{ditSetup s..ditSetup s}

sure_Ack

|
|
v
®
) W
g Read Out Detector
{10s..10s}

SH_Take_exposure_Ack

MSaRort = 1 CC_SH2PEASOut

Use of signals sent over ports to

CC_SH_Cmd_Completed3

simulate a message passing
mechanism between components Also across subsystems!
(e.g., APS to M1CS)




Run Analyses

* Run a configured analysis with a simulation engine on the
initial conditions to get the final conditions

* Produce the analyses declaratively, repeatably (in any
system), without a single line of project-specific code ->
reducing time and resources

« Produce the following views on final conditions

— Table showing final analysis values (e.g. peak power) and the
constraint’s pass/fail status for each scenario

— Timelines: state changes for components over time_

i Name Classifier T Final : Real
Phi

1 [ calibrations Duration ¢ 2 Calibrations Duration S
= calibrations Duration ¢ ] APS Conceptual

= calibrations Duration ¢ E Procedure Executive ar



System Context

bdd Pattern[ | 2 Requirements Verification Structure ]
P

«block»
Enterprise

external System |0..* system Specification |,
ablocks | | ablocks ' ablocks
External System System Specification Context
Owned Diagram = £/ System Specification Owned Diagram

~

requirement | 0..*
«blocks «block» «blocks «blocks
Conceptual Node Design Physical Design Conceptual Design Requirement

Owned Diagram ons .
constraint : Constraint

valueProperty : Real [

ccnceptualCcmpcnentIL* L

«block»
Conceptual Component

Conceptual Component State Machine




Analysis Context

bdd [Package] [ & Analysis Context ]

«block»
Analysis Context

, Context
«block»
Context

system Specification : Conceptual Node Design
: System Specification
: External System




Context Educational Example

bdd [Package] Structure[ | & Structural Decomposition ] |

system Specification |,
«block»
System Specification

«blocks
Autonomous Ferry Transportation Enterprise

|

«block»
Conceptual Node Design

«blocks
Conceptual Design

sateliteComm2ConceptualNodeOut : Communication Interface
«block»
data Requirement] Data Requirement «Proxy»
«Proxy» = ? = -
o system Constraint : Data Transmission Constraint Relay
~ Communication Interface
totalData : storage size[byte]
maxTransmissionTime : time[.
«blocks
Physical Design
«block»

Communication Context

conceptualDesign : Conceptual Node Design

remoteNavigationControl

«block»
Remote Navigation Control

autonomousFerry

«blocks

Autonomous Ferry

satelite |,

«blocks
Satellite




Behavior Ship

stm [State Machine] Autonomous Ship Modes [ Autenomous Ship Modes J

Remote Nav Ping [ALH.inState("Not Recharging™) && data =0]
s :‘v
slow Transmittin
Ready for Battery Low g

.—“— Transmission i do / Transmit Data
] Remote Nav Ping /

x Transmission.done ’
\

7

when (battery < 80)

Not Recharging Recharging

. g do / Recharge Batteries

Battery Fully Charged




Veritying Timing Requirements by Simulation

bdd [Package] Automatic Duration Analysis[ Duration Analysis - Post Segment Exchange ]J

par [Block] Post-Segment Exchange Duration Scenario[ Post-Segment Exchange Duration Scenario Analysis ],_|

|’Explanation Definition

*aPS Mission Conceptual : APS Mission Conceptual

«block» APS Operational Blackbox : APS Conceptual [1]

Duration Analysis Context - -
peas : Procedure Executive and Analysis Software

analysisDriver : Analysis Driver tFinal : Real

on-axis alignment maximum time for Post Segment Exchange JPL.postSegXchgTimeLimit : second

«equaly

maxTime : Real p1: Real

«constraint»
on-axis alignment maximum time for Post Segment Exchange JPL.postSegmentExchange : MaxTimeConstraint
{p1<=maxTime}

~

«block»

Post-Segment Exchange Duration Scenario

Post Sogment Exchange Duraton Scararia Analysis context aggregates conceptual
model, binds formalized requirement,
and triggers verification use case




Veritying Timing Requirements by Simulation

bdd [Package] Automatic Duration Analysis[ Duration Analysis - Post Segment Exchange ]/]

|'Ex;Ian;tion_De_ﬁniti;n a
«block»
Duration Analysis Context

analysisDriver : Analysis Driver

«analyses»

«analyses»

75

«block»

Post-Segment Exchange Duration Scenario

Post-Segment Exchange Duration Scenarios

Apg

|/ — |

«block»
ADS Miccinn

sd [Test Case] Post-Segment Exchange Duration Scenario[ Post-Segment Exchange Duration Scenario ]j

«block» «block»
analysisDriver : Analysis Driver aPS Mission Conceptual . APS Operational
Blackbox.peas : Procedure Executive and
Analysis Software

Use case initiated
with same message
passing mechanism

{60s)

2: Post-Segment Exchange Alignment

{7201s..7201s}




Veritying Timing Requirements by Simulation

(act [Activity] Coarse Tilt Alignmeht[ Coafse Tilt fAIignmentD :

«valueSpecification» : «valueSpecification»

: true : : false
«valueSpecification» ARG Co

SH-0

SR R , .J/’ic)Star’tPITTraCk ‘
| . . . " : . . :
LdesnredSHMask : Setup APS, Acquire and Start Guiding

TBD: Get SH Image
back; output SH Image;
In/out for F&l; Calc offset
based on map & ref

v : Throw Telescope
«valueSpecification» | : : : Alignment

: : : : : Exception
NPH-1/BB-30 _ v v . s

th




Simulation Configuration with Cameo

package Simulation [ @} Simulation jl

/

«SimulationConfig»
Req Verification Analysis

Ul =58

addControlPanel = false
animationSpeed = 75

autoStart = true
autostartActiveObjects = true
cloneReferences = false
constraintFailureAsBreakpoint = false
durationSimulationM ode = max
executionTarget = =l Analysis Context
fireValueChangeEvent = true
initializeReferences = false
resultLocation = [JAnalysis
runForksinParallel = true

silent = true
solveAfterinitialization = true
stariTime =0

startWebServer = false
stepDelay = 0.0

stepSize = 0.5

timeUnit = second
timeVariableName = "simtime”
treatAliCIassifiersAsActive = true

«TimeSeriesChart»
Data Buffer

represents = [=JAutonomous Ferry
value = [(Vdata

fixedRange = false
fixedTimeLocation=0
gridxX = true

gridY = true

maxValue = "0.0"
minValue ="0.0"
plotColor = "#BC334E"

refreshRate = 0

«TimeSeriesChart»
Battery Level

represents = =JAutonomous Ferry
value = [(Mbattery

fixedRange = false
fixedTimeLocation=0
gridX = true

gridY = true

maxValue = "0.0"
minValue ="0.0"
plotColor = "#BC334E"

refreshRate = 0

«TimelineCharts |
Autonomous Ferry

represents = ElAutonomous Ferry
value = [(FlautonomousFerry

contextPlot = false
fixedTimelLength =0
timelineM ode = state

fixedRange = false
fixedTimelLocation = 0
gridx = true

gridY = true
maxValue ="0.0"
minV alue ="0.0"

plotColor = "#BC334E"




Executing a scenario

ibd [Block] Communication Context[ Communication Gontext ]

Asatellite : Satellite roxy» system Specification : Conceptual Node Design
“proxyn autonomous ShipComm2ChargingBase ::Communication Interface

- £Droxy» « »
p1: Communication Interface proxy.
autonomous Ship Comm2ConceptualN munication Interface, autonomousShip : Autonomous Ferry

: connector Communication Interface

«proxy»

“proxy éeptualNode . Communication Interface .femoteNavigationControl : Remote Navigation Control

p2 : Communication Interface

p2 : Communication Interface
LPIOXyn rNGComm2ChargingBase ; Communication Interface




Simulation Run

|o—O & [B Trigger: Animation speed:

Sessions X

—E] Analysis Context [Analysis Context@3e30001d] (Paused)
[ Operational Scenario
% " Autonomous Ship Modes
Remote Navigation Control
—= Transmit Data
L41 Transmit Data
—= Receive Data
L_41 Receive Data

24 Variables X | o Breakpoints X
L
Name
EJ Analysis Context
[# mission : Communication Context
[® satellite : Satellite
[® : connector
system Specification : Conceptual Node Design
autonomousFerry : Autonomous Ferry
battery : Real
data : storage size[byte]
10 : time[second]
tfinal : Real
transmissioninProgress : Boolean
[# data Requirement : Data Requirement
¥ maxTransmissionTime : time[second]
totalData : storage size[byte]
system Constraint : Data Transmission Constraint
— designTime : time[second]
— maxTime : time[second]
[® remoteNavigationControl : Remote Navigation Control

Value
Analysis Context@3e30001d
Communication Context@7f94c337

Conceptual Node Design@70c22cdc
Autonomous Ferry@15f813a8
100.0000
1.0240E5
23.7920
0.0000
true
Data Requirement@56fe571e
300.0000
1.0240E5
Data Transmission Constraint@375b3cl11

300.0000
Remote Navigation Control@1b98291b
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